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論 文 内 容 要 旨          
Sulfate reducing bacteria (SRB) are a diverse group of naturally occurring anaerobic 
bacteria capable of sulfate respiration. Sulfate respiration takes place in environments where 
there is no oxygen, and consequently SRB are found only in anoxic environments around the 
world, but in areas where relatively large amounts of sulfate is present. Due to their way of 
energy consumption, a serious consequence of SRB growth is the release of high quantities of 
hydrogen sulfide in the immediate surroundings. Hydrogen sulfide is a colorless poisonous and 
flammable gas, with the characteristic smell of rotten eggs. It is a highly reactive compound, 
and as such, corrosive. SRB are the main cause for the microbially induced corrosion, and 
therefore a major concern for industries such as the oil and gas industry. For these reasons 
researching this group of unique bacteria has been gradually gaining attention since the 1950’s, 
and microbiologists have been studying their physiology, biochemistry and ecology to learn 
more about them.  
With the continued interest in new insights into the growth patterns of SRB, this 
dissertation presents results about SRB in a so far unexplored environment. The bioactivity 
and diversity of sulfate reducing bacteria (SRB) has been so far unexplored in volcanic soil, 
however, volcanic soil covers 18% of Japan’s land surface. In this study, a more in-depth look is 
given at the bioactivity and distribution of SRB in various volcanic ash soil samples from 
Miyagi Prefecture, Japan. 
As volcanic soil is rich in minerals and contains high amounts of active Al, the toxicity 
effect of Al on SRB was investigated. Sulfate reduction was measured with HPLC in the 
presence of 0.2, 10, 20, 50 and 100mM concentrations of Aluminum, and Al-complexes with 
citrate, oxalate and EDTA. The tested of SRB were Desulfovibrio vulgaris and 
Desulfotomaculum ruminis. The sulfate reduction rate of Dv. vulgaris and Dt. ruminis did not 
change in the presence of Al or its complexes. At high concentrations sulfate reduction was 
slower initially, but it did not change significantly.  
Four different volcanic soils obtained from different volcanoes in Miyagi Prefecture, 
Zao, Aoso, Izumigatake and Nanatsumori, were analyzed. The chemical composition of the 
volcanic soil samples was compared and the sulfate reduction ability of the enrichment cultures 
was measured.  
The Zao and Aoso soil samples are similar and both had low silica content, less than 
50%, but were rich in minerals and had more than 10% organic material. In these enrichment 
cultures extensive sulfate reduction could be observed. The Izumigatake and Nanatsumori 
volcanic soils samples contained high amounts of silica, more than 70%, and had low levels of 
minerals and less than 2% organic material, and showed signs of being heavily affected by 
weathering. In the enrichment cultures from these samples very little sulfate reduction could 
be observed 
To determine biological activity, an enrichment culture was used with modified 
Postgate’s medium, with initial sulfate concentrations at 50mM. Sulfate reduction and sulfide 
production was measured with HPLC periodically over a 60 day period. In case of Zao and Aoso 
SO42- reduction, 38mM and 40mM respectively, as well as FeS precipitation was observed. 
Samples from Izumigatake and Nanatsumori showed less sulfate-reducing activity 17mM, and 
10mM respectively, and produced no measurable S2-. In these samples FeS precipitation was 
not observed. Zao and Aoso had high levels of organic matter, 11.3% and 12.8%, and were rich 
in minerals, contained 10 times as much Fe and Mg as the Izumigatake and Nanatsumori 
samples. Izumigatake had low, less than 2% organic content.  
Bacterial diversities were determined using clone library method based on 16S rRNA 
gene and dsrAB functional gene marker for SRB. In the enrichment cultures of Zao, 
Izumigatake and Nanatsumori samples, bacteria from Firmicutes were dominant, while in the 
Aoso sample Proteobacteria phylum was most represented. In the Nanatsumori sample SRB 
related clones were not found.  
The Zao sample was the most diverse, out of 14 OTUs, 4 were related to SRB from the 
Desulfotomaculum genus in the Firmicutes phylum, Clostridia class. All together 47.3% of the 
identified clones in the sample were SRB related. The Zao sample, unlike the previously 
described environments, the enrichment culture Proteobacteria was not represented at all. The 
dominant bacteria group is gram-positive Firmicutes, which contains bacteria with sulfate 
reducing ability. The Desulfotomaculum spp. are Gram-positive SRB, belonging to Firmicutes 
phylum.  In extreme environments where conditions for the survival of the SRB are not 
provided continuously, the strictly anaerobic, sporulating species of the genus 
Desulfotomaculum are usually present. 
In the Aoso samples, similarly to previous studies, SRB belonging to both 
Proteobacteria and Firmicutes were present, with Desulfomicrobium, Desulfobacca and 
Desulfovigra genera form the Proteobacteria phyum being dominant. The Aoso sample contains 
SRB from both major groups, Deltaproteobacteria and Firmicutes. The distribution of SRB in 
Aoso volcanis soil is similar to the previously described studies, with Proteobacteria being 
dominant, representing 90.7% of all the SRB present in the Aoso enrichment culture. The Aoso 
enrichment culture was able to reduce 40mM sulfate in 60 days during the culturing 
experiment. However, it did not produce detectable hydrogen sulfide, while the Zao sample 
contained 0.7mM H2S. The phylogenetic analysis of the two samples show that there are 
different sulfate reducing bacteria present in the enrichment cultures of Zao and Aoso. This 
could lead to the observed differences in sulfate reduction.   
The Izumigatake enrichment culture showed only minor sulfate reducing ability, 
17mM during the 60 day culturing experiment. This result corresponds with the results from 
the phylogenetic analysis, and shows that SRB were present only in the minority. The most 
abundant bacteria, Sporaenobacter acetigenes is able to facultatively reduce elemental sulfur, 
not however sufate or other forms. In the Izumigatake sample, one strain of Desulfotomaculum 
spp. SRB was found, however was present in minority, 17.4% only.  
In the Nanatsumori sample species belonging to Firmicures were dominant, however 
none showed close relationship to SRB.  
These results are in accordance with the results from the chemical analysis, where Zao 
and Aoso showed a much higher rate of sulfate reduction and proved to be a better environment 
for SRB growth than the Izumigatake and Nanatsumori samples.  
In previous studies, soils analyzed under sulfate reducing conditions showed that the 
dominant sulfate reducing bacteria group belonged to the Proteobacteria, Deltaproteobacteria 
phylum. In the case of Zao volcanic soil however, in the enrichment culture Proteobacteria was 
not represented at all. This study has found that unlike any other so far, in the Zao volcanic soil 
sample the dominant SRB species are Desulfotomaculum spp. The Desulfotomaculum spp. are 
Gram-positive SRB, belonging to Firmicutes phylum.  In extreme environments where 
conditions for the survival of the SRB are not provided continuously, the strictly anaerobic, 
sporulating species of the genus Desulfotomaculum are usually present. Since these bacteria 
are spore forming, they are able to adapt to extreme environments and survive. However, Zao 
volcano soil is not an extreme environment, having high organic and mineral content, and close 
to netural pH. In such an environment the dominace of Desulfotomaculum spp. as SRB is a 
significant and so far undocumented find. This result is significant in furthering knowledge 
about the wide spread distribution of various SRB, and further exploration can lead to new 
knowledge about relationships between microorganisms and different environments. 
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山由来の火山灰土壌では SRB 活性は低いという結果が得られた。SRB 活性の高い2種の火山灰土壌は有機物含有量
が10%程度と比較的高く、またFeやMg濃度が相対的に高いものであった。 
第4章は第3章で得られた火山灰土壌由来の集積培養中と集積培養前の土壌中の菌叢解析を行った結果を述べてい
る。SRB 活性の高い火山灰土壌のうち蔵王火山由来の集積培養では Firmcutes 門に属する SRB が優占種となってお
り、一方青麻火山由来の集積培養ではProteobacteria門に属するSRBが優占種となっていた。また、それぞれの培養
前の火山灰土壌中には培養後に優占種となったSRB の存在が認められた。蔵王火山由来の火山灰土壌に関しては、
環境サンプル中でFirmcutes門に属するSRBが優占種として発見された世界初の例である。 
以上、本研究により多くの火山灰土壌中においてもSRBが存在しその一部には高いSRB活性を有していること、
またこれまで発見されていなかったFirmcutes門に属するSRBが優占種となっている環境サンプルを初めて宮城県内
の火山灰土壌から見出していることから、環境科学、並びに環境微生物学の分野への貢献は小さくない。 
よって，本論文は博士(環境科学)の学位論文として合格と認める. 
